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(54) Bearing apparatus for a wheel of a vehicle 

(57) A bearing apparatus for a driving wheel of ve- 
hicle wherein the hub wheel 1 , the constant velocity uni- 
versal joint 3 and the double row rolling bearing 2 are 
assembled as a unit, the hub wheel 1 and the outer joint 
member 1 4 of the constant velocity universal Joint 3 are 
fitted each other; at least one of the inner raceway sur- 
face 1 a of the double row rotting bearing 2 is formed on 
the hub wheel; a hardened Irregular portion 5 is formed 
on the Inner circumferential surface of the hub wheel 1 ; 
the hub wheel 1 and the outer Joint member 14 are in- 
tegrally connected via plastic def ormatlo n of a fitting por- 
tion 17b of the outer joint member so as to make the 
hardened Irregular portion 5 to bite Into the surface of 
the fitting 17b; and a connected portion of them has a 
plastic deformed connection means having an axial pull- 
out proof force more than 1 60 kN> 
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Description 

BACKGROUND OF THE INVEISTTION 
Field of the Invention 

[Q001 ] The present invention relates to a bearing ap- 
paratus for supporting a driving wheel of vehicle and 
more particularly to a bearing apparatus for a wheel of 
vehicle In which a hub wheel, a constant velocity u niver- 
sal joint and a double row rolling bearing are assembled 
as a unit. 

Description of Background Art 

10002] The driving wheels such as rear wheels of an 
FR (From engine/Hear drive) vehicle, front wheels of an 
FF (From engine/From drive) vehicle and all wheels of 
a 4 WD (4 awheel Drive) vehicle are supported by a sus- 
pension system via a bearing apparatus for a wheel. In 
recent years, It has a tendency to assemble the hub 
wheel, the constant velocity universal Joint and the dou- 
ble row rolling bearing as a unit in order to reduce the 
weight and the size of the bearing apparatus for a wheel. 
[0003] Fig. 14 is a longitudinal cross-section view of 
a bearing apparatus for a driving wheel of vehicle of the 
pnor art in which a hub wheel 50, a double row roiling 
bearing 60 and a constant velocity universal joint 70 are 
assembled as a unit. The hub wheel 50 is formed inte- 
grity with a wheel mounting flange 61 for mounting a 
wheel (not shown) thereon and hub bolts 52 for securing 
the wheel are equidistantry arranged along the periph- 
cry of the flange 51. 

[00041 The double row rolling bearing 60 comprises 
an outer member 61, an inner member 62 and double 
row iclbng elements 63 and 63 and the outer member 
61 has a flange 64 integrally formed therewith to be 
mounted on a body of vehicle (not shown) and double 
row outer raceway surfaces 61a and 61a formed on the 
inner surf ace thereof. In this case, the inner member 62 
compr ises the hub wheel 50 and an outer joint member 
71 . The Inner member 62 is formed with double row in- 
ner raceway surfaces 50a and 71 a arranged respective- 
ly opposite to the outer raceway surfaces 61a and 61a 
of the outer member 61 . The Inner raceway surface 50a 
is formed on the outercircumferentlal surface of the hub 
wheel 50 and the other raceway surface 71a Is formed 
on the outer circumferential surface of the outer joint 
member 71 of the constant velocity universal joint 70. 
The double row rolling elements 63 and 63 are arranged 
between the outer raceway surfaces 61a and 61a and 
the inner raceway surfaces 50a and 71 a and rotatably 
held therein by cages 65 and 65. Seals 66 and 67 are 
arranged at the ends of the double row rolling bearing 
60 in order to prevent leak of grease contained within 
the bearing and also to prevent Incoming of rain water 
or dusts. 

[0005] The constant velocity universal joint 70 com- 



prises the ogtar Joint member 71 ( a joint inner ring, a 
cage 'and a torque transmission balls (not shown). The 
outer joint member 71 has a cup shaped mouth portion 
72. a shaft portion 73 anally extending from the mouth 

5 portion 72, and axiaily extending curved track grooves 
72a formed on the Inner 6urf ace of the mouth portion 72. 
[0006] The hub wheel 50 Is formed with hardened Ir- 
regular portion 53 on the inner circumferential surface 
thereof. The hub wheel 50 and the outer Joint member 

w 71 are mutually connected by fitting the shaft portion 73 
of the outer jofrit member 71 into the hub wheel 50 and 
then by radially outwardly expanding the fitting portion 
of the outer joint member 71 so that causing plastic de- 
formation of the outer joint member 71 with making the 
hardened irregular portion 53 to bite Into the outer cir- 
cumferential surface at the fining portion of the outer 
Joint member71 (see pages 4 and 5 and Rg. 1 of Japa- 
nese LaJd-Open Patent Publication No. 1660672001). 
[00071 Such a structure of connection via the plastic 

20 deformation can prevent loosening and abrasion of the 
fitted portion and thus can Improve the durabfllty and the 
driving stability. In addition, since the connection vta the 
plastic deformation has both functions of torque trans- 
mission and connection of the hub wheel and the outer 
joint member, It la possible to achieve reduction of the 
weight and site of the apparatus. 
[0008] In such a bearing apparatus for a wheel, it is 
difficult to confirm the state of connection between the 
hub wheel 50 and the outer joint member 71 since the 

30 connection via plastic deformation Is adopted therebe- 
tween, and thus, the confirmation of the strength and 
endurance of the connected portion Is carried out by the 
breakdown test via sampling inspection. It is desired to 
further improve the quality and reliability of the connect- 
as ed portion since the defect of the quality will cause falling 
out of wheel which would cause a dangerous accident 
[0009] For solving this problem, the applicant has pro- 
posed a bearing apparatus for a wheel of vehicle shown 
In Fig. 1 3. In this bearing apparatus a hardened irregular 

40 portion 53 is formed on a radially outwardly arranged 
member (In this case the hub wheel 50*) at the fitted por- 
tion of the hub wheel 5tf and the outer joint member 71 • ; 
and the hub wheel 50* and the outer joint member 71 1 
are Integrally connected via plastic deformation of a ra- 

45 dlally Inwardly arranged member (In this case the outer 
joint member 71^ by radially outwardly expanding the 
radially Inwardly arranged member so as to make the 
hardened irregular portion of the radially outwardly ar- 
ranged member to bite Into the surface of the radially 

so inwardly arranged member and are axial secured via 
a caulked portion 74 formed by plastically deforming the 
end of the radially inwardly arranged member 7V (sec 
pages 3 and 4, Rg. 1 and Flg.2 of Japanese Lald-Open 
Patent Publication Mo. 89301/2003). 

S3 

SUMMARY OF THE INVENTION 

[0010] However, such a bearing apparatus requires 
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the caulking step or a retaining ring mount step in addi- 
tion to the connecting step of the hub wheel SO 1 and the 
outer joint member 71 ' via plastic deformation therebe- 
tween. In recent years, not only compactness and fght 
weight of the bearing apparatus but improvement of 
quality and reliability thereof as well as low manufactur- 
ing cost are required in the art. 
[001 1] It is, therefore, an object of the present Inven- 
tion to provide a bearing apparatus for a driving wheel 
of vehicle of low manufacturing cost in which no loose 
is caused In the connected portion even if heavy mo- 
ment is applied thereto and no pre-press pull-out is 
caused. 

[0012] For achieving the object above, there is pro- 
vided, according to the present Invention of cla*n 1, a 
bearing apparatus for a wheel of vehicle wherein a hub 
wheel, a constant velocity universal joint and a double 
row rolling bearing are assembled as a unit the hub 
wheel and an outer joint member of a constant velocity 
universal joint are fitted each other; and a connected 
portion of the hub wheel and the outer joint member has 
a plastic deformed connection means having an axial 
pull-out proof force more than 1 60 kN. 
[0013] According to the bearing apparatus of claim 1 , 
it is possible to provide a bearing apparatus for a whool 
of vehicle of low manufacturing cost in which no loose 
is caused in the connected portion and durability can be 
maintained for a long term. 

[0014] According to die Invention of claim 2, there Is 
provided a bearing apparatus for a driving wheel of ve- 
hicle comprising an outer member formed with double 
row outer raceway surfaces on the inner peripheral sur- 
face thereof and double row inner raceway surfaces ar- 
ranged oppositely to the double row outer raceway sur- 
faces wherein an Inner ring on the outer peripheral sur- 
face of which is formed with one of double row inner 
raceway surfaces Is fitted Into a hub wheel Integrally 
formed with a wheel mounting flange or into another in- 
ner ring on the outer peripheral surface of which Is 
formed with the other double row inner raceway surfac- 
es; and a connected portion of them has a plastic de- 
formed connection means having an axial pull-out proof 
force more than 160kN. 

[001 5] According to the bearing apparatus of claim 2, 
it is possible to provide a bearing apparatus for a wheel 
of vehicle or low manufacturing cost In which no loose 
Is caused In the connected portion, any gap variation of 
the double row rolling bearing Is not caused even if a 
predetermined moment load is applied thereto and thus 
and durability can be maintained for a long term. 
[0016] According to the Invention of claim 3, there la 
provided a bearing apparatus for a driving wheel of ve- 
hicle wherein the hub wheel, the constant velocity uni- 
versal joint and the double raw rolling bearing are as* 
sembled as a unit, the hub wheel and the outer joint 
member of the constant velocity universal joint are fitted 
each other; one of the inner raceway surfaces of the 
double row rolling bearing Is formed on the hub wheel 



and the other of the double row inner raceway surfaces 
is formed on the outer joint member; a hardened irreg- 
ular portion Is formed on a radially outwardly arranged 
member al the fitted portion of the hub wheel and the 

$ outer joint member and the hub wheel and the outer 
joint member are Integrally connected via plastic defor- 
mation of a radially Inwardly arranged member by radi- 
ally outwardly expanding the radially inwardly arranged 
member so as to make the hardened irregular portion 

10 of the radially outwardly arranged member to bite Into 
the surface of the radially Inwardly arranged member. 
The connected portion according to this structure has a 
sufficient axial pull-out proof force and can achieve the 
bearing apparatus of light weight and compact as well 

is as low manufacturing cost. 

[0017] According to the bearing apparatus or claims 
4 or 5 having the structure of so-called a fourth gener- 
ation, It Is possible to reduce the number of parts, to pre- 
vent the loose o( the connected portion even If the re- 

& peated stress would be caused due to application of the 
bending moment to the bearing apparatus when a vehi- 
cle Is turned, and further to increase the puinng-out proof 
force. 

[0010] According to the bearing apparatus of claim 6 
25 having the structure of so-called a third generation, it is 
possible to provide a self-retaining structure enabling to 
keep the Initial bearing gap and to lower the manufac- 
turing cost due to standardization of the bearing parts. 
[0019] According to the bearing apparatus of claim 7, 
so the portion to be radially outwardly expanded is project- 
ed beyond the hardened irregular portion. This structure 
enables to Increase the pull-out proof force at the con- 
nected portion in addition to increase of the pull-out 
proof force at the plastically deformed connected por- 
9s tlon. 

[0020] According to ihe bearing apparatus of Claim 8, 
ft is possible to effectively assure the pull-out proof force 
by the annular grooves and the torque transmission by 
the axial grooves and to increase the pull-out proof force 
40 at the connected portion by the projected and enlarged 
portion. 

[0021] According to the bearing apparatus of claim 9, 
it is posefele to maintain the initial bearing gap and to 
assure a desired endurance for a long term. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Additional advantages and features of the 
present Invention will become apparent from the subse- 
50 quent description and the appended claims, taken in 
conjunction with the accompanying drawings, wherein: 

Fig. 1 is a longitudinal section view showing a first 
embodiment of the bearing apparatus for a wheel 
55 of the present invention; 

Fig. 2 (a) Is a longitudinal section view showing a 
crisscross pattern knurl formed by mutually crossed 
axial grooves and discontinuous annular grooves 
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as an irregular portion, and Rg. 2 <b) is a longitudi- 
nal section view showing a crisscross pattern knurl 
formed by mutually inclined helical grooves as an 
irregular portion; 

Fig. 3 (a) is a partially enlarged section view of the 
first embodiment of the bearing apparatus for a 
wheel of the present invention, and Rg.3 (b) is a 
partially enlarged side elevation view of Fig. 3 (a); 
Fig. 4 is a longitudinal section view showing a sec- 
ond embodiment of the bearing apparatus for a 
wheel of the present invention; 
Fig. 5 Is a longitudinal section view showing a third 
embodiment of the bearing apparatus for a wheel 
of the present invention; 

Rg. 6 is a longitudinal section view showing a fourth 
embodiment or the bearing apparatus for a wheel 
of The present Invention; 

Rg. 7 is a longitudinal section view showing a fifth 
embodiment of the bearing apparatus ror a wheel 
of the present invention; 

Rg. 8 is a longitudinal section view showing a sixth 
embodiment of the bearing apparatus for a wheel 
of the present Invention; 

Fig. 9 is a longitudinal section view showing a sev- 
enth embodiment of the bearing apparatus for a 
wheel of the present invention which is a modifica- 
tion of the sixth embodiment; 
Fig. 1 o is a longitudinal section view showing an 
eighth embodiment of the bearing apparatus for a 
wheel of the present invention ; 
Rg. 1 1 1s a longitudinal section view showing a ninth 
embodiment of the bearing apparatus for a wheel 
of the present Invention which is a modrffcabon of 
the eighth embodiment; 

Rg. 12 is a graph showing results of the pull-out test 
at the connected portion of the hub wheel and the 
outer joint member; 

Rg. 1 3 is a longitudinal section view of the bearing 
apparatus for a wheel of the prior art; and 
Rg. 14 is a longitudinal section view of another 
bearing apparatus for a wheel of the prior art. 

DESCRIPTION OF THE PREFERREO 
EMBODIMENTS 

[0023] Rg. n shows a first embodiment or a bearing 
apparatus for a driving wheel of vehicle of the present 
Invention. The apparatus comprises a hub wheel 1, a 
double row rolling bearing 2 and a constant velocity uni- 
versal joint 3 which are assembled as a unit. In the de- 
scription below, a term "outboard side" of the apparatus 
denotes a side which is positioned outside of the vehicle 
body and a term "inboard side" of the apparatus denotes 
a side which Is positioned inside of the body when the 
apparatus is mounted on the vehfcJe body. 
[0024] The hub wheel 1 is formed integrally wtth a 
wheel mounting flange 4 at the outboard side of (he hub 
wheel 1 on which a wheel (not shown) is mounted and 
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hub bolts 10 are equidistantly arranged on the flange 4 
along its periphery. The inner circumferential surface of 
the hub wheel 1 Is formed with alrregularportionSwhlch 
are heat treated as having a hardened layer having a 

9 surface hardness of HRC54-64. rt is preferable to Use 
as heat treatment a high frequency induction heating 
which can easily carry out a local heating and a setting 
of the depth of a hardened layer. 

[0025] Rg. 2 shows example of the irregular portion 

10 5 in which Rg 2 (a) shows an example of the irregular 
portion 5 of substantially orthogonally crossed grooves 
6 comprising a plurality of discontinuous lathe turned an- 
nular grooves 6a and a plurality of broached axial 
grooves 6b and Fig .2 (b) shows an example of the irreg- 

13 ufcr portion 5 comprising mutually Inclined helical 
grooves 6* of crisscross pattern. U is preferable to form 
the Irregular portion 5 by pointed projections such as 
pyramids to assure a good biting performance. 
[0026] The double row rolling bearing 2 comprises an 

20 outer member 7 V Inner member 8 and a double row roll- 
ing elements 9 and 9. The outer member 7 is integrally 
formed on Its outer circumferential surface wtth a body 
mounting flange 7a and on its inner circumferential sur- 
face with double row outer raceway surfaces 7b and 7b. 

2S On the other hand, the inner member 8 comprises the 
hub wheel 1 and an outer joint member 14 hereinafter 
described and Inner raceway surfaces 1 a and 1 4a op- 
posed to the outer raceway surfaces 7b and 7b are ar- 
ranged on the outer circumferential surfaces of the hub 

90 wheel 1 and the outer joint member 1 4 respectively. The 
double row rotting elements 9 and 9 are contained be- 
tween the outer raceway surfaces 7 b and 7b and the 
inner raceway surfaces 1 a and 14a and freely rotatabty 
held therein by cages 11 and 11. Seals 12 and 13 are 

35 arranged at the ends of the bearing 2 to prevent leak of 
grease contained within the bearing 2 as well as ingress 
of rain water or dusts, A hardened layer Is formed for 
example by induction hardening at regions around the 
outer circumferential surface of the hub wheel 1 such as 

40 aseal (and portion to which the seal 12 si Idably contacts, 
the Inner raceway surface 1a, and a surface of spigot 
portion 1b to which the shoulder 1 6 of the outer joint 
member 14 abuts. The illustrated bail rolling elements 
g and 9 may be replaced for example by conical rolling 

45 elements. 

[0027] In such a kind of bearing apparatus, a larger 
moment is applied to the rolling bearing of the Inboard 
side of the double row rolling bearing than that of the 
outboard side. According to the preferable embodiment 

s° of the present invention, the pitch circle diameter (PCD) 
of the rolling elements 9 of the Inboard side Is set some- 
what larger than that of the rolling elements 9 of the out- 
board side in order to Increase the load supporting ca- 
pacity of the rolling bearing of the inboard side. It is also 

55 possible to increase the load supporting capacity by 
changing the number or sfce of the roOing elements 9 of 
the inboard side. 

[0026] The constant velocity universal joints compris- 
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es the outer joint member 14, the Joint inner ring (not 
shown) , the cage, and the torque transmitting bails. The 
outer Joint member 14 comprises a cup-shaped mouth 
portion 15, a shoulder 16 forming the bottom of the 
mouth portion 15, a shaft portion 17 axially extending 
from the shoulder 16, and an axially extending curved 
track groove 15a formed on the Inner surface of the 
mouth portion. 

[0029] The inner raceway surface 14a is formed 
around the outer circumferential surface of the shoulder 

1 6 of the hollow outer Joint member 1 4. The shaft portion 

17 has a stepped portion of small diameter 17a onto 
which the spigot portion 1b of the hub wheel 1 is press 
fitted and a fitting portion 1 7b onto which the hub wheel 
1 is fitted. The fitting portion 17b is fitted into the hub 
wheel 1 with the end surface of the spigot portion 1b of 
the hub wheel 1 being abutted against the shoulder 16 
of the outer joint member 14. Then the hub wheel 1 and 
the outer Joint member 14 are integrally connected via 
plastic deformation of the fitting portion 1 7b of the outer 
joint member 1 4 with making the hardened irregul ar por- 
tion $ of the hub wheel 1 to bite Into the outer circum- 
ferential surface at the fitting portion of the outer joint 
member 14 by radially outwardly expanding the fitting 
portion of the outer joint member 14. Since the fitted por- 
tion via plastic deformation has both a torque transmit- 
ting function and a jointing function of the hub wheel 1 
and the outer joint member 14, any provision of torque 
transmitting means such as a conventional serration 
means on the hub wheel 1 and the outer Joint member 
14 as well as axlaHy securing means is not required and 
accordingly it is possible to realize further reduction of 
the weight and size of the apparatus. 

[0030] The outer joint member 14 Is formed with a 
hardened layer at the track grove 15a formed on the 
inner surface of the mouth portion 15, and a region from 
the seal land portion on which the seal slldably contacts 
to the stepped portion of small diameter 1 7a of the shaft 
portion 17 through the inner raceway surface 14a. It is 
preferable to carry out the heat treatment by the high 
frequency Induction heating, tt Is also preferable to keep 
the fitting portion 17b as no-quenched portion having 
surface hardness less than HflC 24 and to set the sur- 
face hardness of the irregular portion 5 of the hub wheel 
1 at about HRC 54-64 to hold a difference In the hard- 
ness between the irregular portion 5 and the fining por- 
tion 17b larger than HRC 30. This enable the irregular 
portion 6 to easily bite Into the fitting portion 1 7b without 
causing deformation of the Irregular portion 5 to tightly 
combine them via the plastic deformation. Although not 
Illustrated, an end cap la usually arranged e| en end of 
the outer joint member 1 4 in order to prevent leakage of 
grease contained within the mouth portion 15 and In- 
gress of dusts from the outside. 
[00311 The region in which the irregular portion 5 is 
formed Is set at an area from the wheel pHot portion 1c 
to a position near a fne of action (i.e. an extension of a 
line connecting a contact point between the rolling ele- 



ment 0 and the inner raceway surface and the center of 
the rolling elements). As shown in Rg. 3 (a), a counter- 
bore 1 d Is formed on the radially inner surface of the 
pilot portion 1 c so that the fitting portion 1 7b l& projected 
5 from the outer end surface 1 e of the hub wheel 1 . This 
Is intended to be formed a radially expended end portion 
18 after expanding of the fitting portion 17b. The outer 
cfiameter <} d1 of the radially expanded end portion 18 
Is larger than the bottom diameter 4> d2 of the annular 
10 grooves 6a or the bottom darneter <> d3 of the axial 
grooves 6b of the Irregular portion 5. Thus the radially 
expanded portion 18 can increase the axial pud-out 
proof force at the connected portion between the hub 
wheel 1 and the outer Joint member 14. It le preferable 
is to set the outer diameter 4 d1 1 .01 ~ 1 .1 5 times the bot- 
tom diameters 4 d2 and 4 d3 of the annular grooves 6a 
and the axial grooves 6b respectively. 
[0032] Rg. 4 Is a longitudinal view showing a second 
embOQlment of the bearing apparatus for a wheel of the 
so present invention. This embodiment differs from the first 
embodiment only In that the counterbore is not formed 
in the pilot portion of the hub wheel and thus same ref- 
erence numerals are used for designating same parts. 
[0033] In the bearing apparatus of this embodiment, 
25 a hub wheel 1 \ the double row rolling bearing 2 and the 
constant velocity universal joint 3 are assembled as a 
unit. The wheel pilot portion 1 c of the hub wheel 1 ' is not 
formed wtth any counterbore and thus the radially Inner 
surface of the pilot portion 1c is extended longer than 
30 that in the first embodiment. Accordingly the length of 
the fitting portion 1 7b 1 of the shaft portion 1 7 of the outer 
Joint member 14 is also extended. The outer end IB of 
the fitting portion 17b 1 is positioned slightly beyond the 
outer end surface 1 e of the hub wheel 1 '.In this embod- 
35 knent, the length V of caulking portion of the fitting por- 
tion 17b' Is longer than that L In the first embodiment 
(L'<L) and thus higher pull-out proof force can be ob- 
tained as compared with the first embodiment 
[0034] Rg. 5 is a longitudinal view showing a third ern- 
40 bodlment of the bearing apparatus for a wheel of the 
present invention. This embodiment differs from the 
aforementioned embodiments only in the structure of 
the connected portion between the hub wheel and the 
outer joint member and thus same reference numerals 
40 are used for designating same parts. 

[0035] The radially Inner surface of the nub wheel 1 
is formed with the hardened irregular portion 5', The hub 
wheel 1 and the outer Joint member 14 are Integrally 
connected via plastic deformation by making the hard- 
so ened irregular portion 5' of the hub wheel 1 to bite Into 
the fitting ponton 17b a of the shaft portion 17 the outer 
joint member 14. The region In which the irregular por- 
tion 5' Is formed Is set at an area from the wheel pilot 
portion 1 c to a position near a line of action of the roiling 
element 9. The counterbore 1 d Is formed on the end sur- 
face of the outboard side of the hub wheel 1 . 
[0036] The length of the fitting portion 17b" is deter- 
mined so that the end surface of the fitting portion 1 7b" 
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substantially corresponds to the outer end surface 1 e of 
the hub wheel 1 . As to the Irregular portion 5\ substan- 
tially orthogonally crossed grooves 6 are formed by a 
plurality of discontinuous lathe turned annular grooves 
6a an d a plurality of broached axial grooves (not shown). 
The depths of the annular grooves and the axial grooves 
are substantially 6ame. The number, size are appropri- 
ately determined so as to enable the hardened projeo 
tions (each having a pyramid configuration) of the Irreg- 
ular portion 5' to bite into the fitting portion 1 7b'. In ad- 
dition , the radially inner diameter of the Irregular portions 
5' of the hub wheel 1 , the radially Inner diameter of the 
fitting portion 17b" and the radially outer diameter of the 
expanding tool such as a mandrel are determined so 
that the insular portion 5* can effectively bite into the 
material of me fitting portion 17". 
[0037] Rg. 6 Is a longitudinal view showing a fourth 
embodiment of the bearing apparatus for a wheel of the 
present invention. In the bearing apparatus of this em- 
bodiment! a hub wheel 1 9, a double row rolling bearing 
Z and a constant velocity universal joint 21 are assem- 
bled as a unit. Same reference numerals are used for 
designating same parts. 

[003ft] The hub wheel 19 is formed Integrally with a 
wheel mounting flange 4 for mounting a wheel (not 
shown) thereon and hub bolts 1 0 for securing the wheel 
are equrdtstantiy arranged along the periphery of the 
flange 4. The inner raceway surface 1a of the outboard 
side is formed on the outer circumferential surface of the 
hub wheel 1 and the stepped portion of smaller diameter 
19a and the fitting portion 19b are extended from the 
inner raceway surface 1 a. 

[0039] The double row rolling bearing 2' comprises an 
outer member 7, an inner member fi 1 and double row 
rolling elements 9 and 9. The outer member 7 has a 
flange 7a integrally formed therewith to be mounted on 
a body of vehicle (not shown) and double rowouter race- 
way surfaces 7b and 7b formed on the inner surface 
thereof. In this case, the Inner member fi 1 comprises the 
hub wheel 19 and an outer joint member 20. The inner 
raceway surface 1 a of outboard side and the inner race- 
way surface 20a of the Inboard side respectively corre- 
sponding to the outer raceway s urfaces 7b and 7b of the 
outer member 7 are formed on the outer circumferential 
surfaces of the hub wheel 1 and the outer joint member 
20 respectively. The double row rolling elements 9 and 
9 are arranged between the outer raceway surfaces 7b 
and 7b and the inner raceway surf aces 1 a and 20a and 
rotatably h eld therein by cages 1 1 and 1 1 . Seals 1 2 and 
13 are arranged at the ends of the double row rolling 
bearing 2' In order to prevent leak of grease contained 
within the bearing and also to prevent incoming of rain 
water or dusts. 

[0040] The hub wheel 19 k formed with a hardened 
layer at the seal land portion on which the seal lip of the 
seal 12 sJides, the inner raceway surface 1a and the 
stepped portion of email diameter 19a which are heat 
treated by the high frequency induction heating. The fit- 



ting portion 19b to be radially enlarged is remained as 
no heat treated portion having a surface hardness less 
than HRC 24 after forging. 

[0041] The outer joint member 20 of the constant ve- 

5 Jority untversal joint 21 Is made of medium carbon steel 
such as S53C and has the cup-shaped mouth portion 
1 5 and the shoulder 22 forming the bottom of the mouth 
portion 1 5. The Inner raceway surface 20a of the Inboard 
side Is directly formed on the outer circumferential sur- 

io face of the hollow shoulder portion 22. An irregular por- 
tion 23 Is formed on the inner circumferential surface of 
the shoulder 22 and la heat treated as having a surface 
hardness of HRC 64—64. It Is preferable to use the high 
frequency Induction heating which can easily carry out 

is me setting of the depth of hardened layer it Is also pos- 
sible to have a hardened layer throughout the surface 
thereof by carburUed hardening case-hardened steel 
such as SCr420. 

[0042] The shoulder 22 of the outer joint member 20 
£0 is fitted onto the fitting portion 1Sb of the hub wheel 1 9 
with the shoulder 22 press fitted onto the stepped por- 
tion of smaller diameter 19a of the hub wheel 19 being 
abutted against the hub wheel 1 9. Then the hub wheel 
1 9 and the outer joint member 20 are integrally connect- 
2s ad via plastic deformation of the fitting portion 1 9b with 
making the hardened Irregular portion 23 of the shoulder 
22 to bite into the outer circumferential surface of the 
fining portion 1 9b. Similarly to the first and second em- 
bodknents, since the projected end 24 can be radially 
30 outwardly expanded without any constraint to its dam- 
eter exceeding the bottom diameter of the axial grooves 
or annular grooves forming the iregular portion 23, it is 
posefele to Increase the pull-out proof force at the con- 
nected portion between the hub wheel 1 9 and the outer 

6 joint member 20. 

[0043] Rg. 7 Is a longitudinal view showing a fifth em- 
bodiment of the bearing apparatus for a wheel of the 
present invention. In the bearing apparatus of this em- 
bodiment, a hub wheel 26, a double row rolling bearing 
40 26 and a constant velocity universal joint 27 are assem- 
bled as a unit. Same reference numerals are used for 
designating same parts. 

[0044] The hub wheel 25 Is formed integrally with a 
wheel mounting flange 4 at the outboard side of the hub 
wheel 1 on which a wheel (not shown) Is mounted. The 
Inner raceway surface 25a of the outboard side Is 
formed on the outer circumferential surface of the hub 
wheel 25 and the spigot portion 26b is extended from 
the inner raceway surface 25a. A separate Inner ring 29 

80 e press fitted onto the spigot portion 25b to form a bear- 
ing apparatus of so-called a third generation. A serration 
(or spline) 26 is formed on the inner circumferential sur- 
face of the hub wheel 25 and an annular engaging 
groove 29a is formed at the end thereof. The hub wheel 

55 25 Is formed with a hardened layer at the seel land por- 
tion on which the seal Bp of the seal 12 slides, the inner 
raceway surface 25a and the spigot portion 2Sb which 
are heat treated by the high frequency induction heating. 
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The fitting portion 19b to be radially enlarged Is re- 
mained as no heat treated portion having a surface 
hardness lees lhan HRC 24 after forging. 
[0045] The inner ring 29 «s formed with the inner race- 
way surface 29a ot the inboard side on the outer circum- 
ferential surface thereof and the irregular portion 30 on 
the Inner circumferential surface thereof. The inner ring 
29 is made of high carbon chrome ooanng steel and Is 
hardened to Its core by dipping quenching to have the 
surface hardness alleasi ol HRC 56-64. The hub wheel 
25 and the inner ring 29 are integrally connected via 
plastic deformation by radially expanding the spigot por- 
tion 25b of the hub wheel 25 to make the hardened ir- 
regular portion 30 btte Into the spigot portion. When the 
spigot portion 25b is axially projected beyond the irreg- 
ular portion 30, the radially expanded end 25c can en- 
gage a chamfered portion 29b of the Inner ring 29. Thus, 
It is possible to increase the pull-out proof force at the 
connected portion between the hub wheel 25 and the 
inner ring 29, 

[0046] The outer Joint member 31 of the constant ve- 
locity universal joint 27 Is made of medium carbon steel 
such as S53C and has the cup-shaped mouth portion 
1 6 , the shoulder 32 forming the bottom of the mouth por- 
tion 15, end the shaft portion 33 axially extending from 
tho shoulder portion 32. The shaft portion 33 is formed 
with a stepped portion of smaller diameter 33a and a 
serration (or spline) 34 engaging the serration 28 of the 
hub wheel 25. A groove 34a formed on the forward end 
of the serration 34 receives therein a clip 35 having a 
round cross section. The portion from the shoulder 32 
to the stepped portion 33a Is Is hardened to have the 
surface hardness al least of HRC 54-64. 
[0047] The shaft portion 33 is fitted into the hub wheel 

25 with keeping the dip 35 mounted within the groove 
34a of the serration 34 In Its compressed condition until 
the end surface of the Inner ring 29 abuts against the 
shoulder 32 of the outer joint member 31 . When the clip 
35 arrives at the groove 28a formed on the serration 28 
of the hub wheel 25, the clip 35 springs back into the 
groove 28a. The hub wheel 25 and the outer joint mem- 
ber 31 can be connected axially detachably each other 
by engaging or disengaging the dtp 31 with the grooves 
26a and 34a. In this embodiment, since the hub wheel 

26 and the Inner ring 29 are connected via the plastic 
deformation, It Is possible to prevent the pull-out of the 
double row rolling bearing 26 even if a predetermined 
puiiing-out force is appfied thereto. 

[0048] Fig. 8 Is a longitudinal view showing a sixth em- 
bodiment of the bearing apparatus for a wheel of the 
present invention. In the bearing apparatus of this em- 
bodiment, a hub wheel 36, a double row rolling bearing 
37 and a constant velocity universal Joint (not shown) 
are assembled as a unit. Same reference numerals are 
used for designating same parts. 
[0049] The hub wheel 36 is formed integrally with a 
wheel mounting flange 4 at the outboard side of the hub 
wheel 1 on which a wheel (not shown) is mounted. Trie 



spigot portion 36b Is extended from the wheel mounting 
flange 4. The double row rolling bearing 37 Is press fitted 
onto the spigot portion 36b and thus the bearing appa- 
ratus of so-called a first generation Is provided. The ser- 

5 ration (or spGne) Is formed on the inner circumferential 
surface of the hub wheel 36. The hub wheel 36 is made 
of medium carbon steel such as S53C and its outer dr- 
cumf erential surface in the base of Inboard side of the 
wheel mounting flange 4 and the spigot portion 36b is 

to heat treated by the high frequency induction heating. 
The fitting portion 96c at the end of the spigot portion 
36b to be radially enlarged is remained as no heat treat- 
ed portion having a surface hardness less than HRC 24 
after forging. 

is [0050] The double row rolling bearing 37 comprises 
an outer ring 38 formed on Its Inner rircumf erential sur- 
face with a double row outer raceway surface 7b and a 
pair of Inner rings 39 and 29. The Inner ring 39 is formed 
on Its outer circumferential surface with an inner race- 
20 way surface 39a of outboard side. The Inner ring 29 Is 
formed With an Inner raceway surface 29a of Inboard 
side on Its outer circumferential surface and with an Ir- 
regular portion 30 on Its inner circumferential surface. 
These outer ring 36 and inner ring 39 and 29 is made of 
25 high carbon chrome bearing steel and is hardened to its 
core by dipping quenching to have the surface hardness 
al least of HRC 56-64. The hub wheel 36 and the Inner 
ring 29 are Integrally connected via plastic deformation 
by radially expanding the fitting portion 36c of the spigot 
so portion 36b of the hub wheel 36 to make the hardened 
irregular portion 30 bite Into the fitting portion 36c. 
[0051] The serration 2B of the hub wheel 26and the 
region from the inner diameter to the end surface 36d 
(shown by a dotted line) are formed after the double row 
as roling bearing 37 has been Integrally secured to the hub 
wheel 36. The Inner ring 29 is axialfy detachably con- 
nected by using a nut or a dip to an outer Joint member 
(not shown) with the end surface of the inner ring 29 
being abutted to the shoulder of the outer joint member 
40 in this embodiment, since the hub wheel 36 and the In- 
ner ring 29 are connected via the plastic deformation, it 
is possible to prevent the pull-out of the double row roll- 
ing bearing 37 even if a predetermined puHlng-out force 
is applied thereto. 
49 [0052] Rg. 9 Is a longitudinal view showing a seventh 
embodiment of the bearing apparatus for a wheel of the 
present Invention which is a modification of the sixth em- 
bodiment (Fig. 6). In this embodiment, a double row roll- 
ing bearing 40, a hub wheel (not shown), and a constant 
so velocity universal joint (not shown) are assembled as a 
unit Same reference numerals are used for designating 
same parts as those of tho sixth embodiment. 
[0053] The double row rolling bearing 40 comprises 
an outer ring 38 formed on its inner circumferential sur- 
H face with a double row outer raceway surface 7b and a 
pair of Inner rings 41 and 29. The Inner ring 41 is formed 
on its outer circumferential surface win an inner race- 
way surface 41 a of outboard side and a spigot portion 
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dib of smaler diameter extends from the Inner raceway 
surface 41a. The inner ring 29 is press filed onto the 
spigot portion 41b and thus the bearing apparatus of so- 
called a First generation is provided. The hub wheel 41 
is made of medium carbon steel such as S53C and the 
inner raceway surface 41a and the spigot portion 41b 
are heat treated by the high frequency induction heating. 
The fitting portion 41c at the end of the spigot portion 
41 b to be radially enlarged Is remained as no heat treat- 
ed portion having a surface hardness less than HRC 24 
after forging. 

[0054] The inner wheel 41 and the inner ring 29 are 
integrally connected via plastic deformation by radially 
expanding the fitting portion 41 c of the Inner ring 41 to 
males the hardened Irregular portion 30 of the inner ring 
29 bite Into the fitting portion 41 c. Then the double row 
roiling bearing 40 Is press fitted onto the hub wheel (not 
shown) after having finished by grinding a region from 
the inner circumferential surface of the inner ring to an 
end surface 4id (dotted line). SknBarty to the six em- 
bodiment, The inner ring 29 is axial ly detachabry con- 
nected by using a nut or a dip to an outer joint member 
with the end surface of the inner ring 29 being abutted 
to the shoulder of the outer joint member. 
[0055] Fig, 1 0 is a longitudinal view showing a eighth 
embodiment of the bearing apparatus for a wheel of the 
present invention. In this embodiment, a hub wheel 36, 
a double row rolling bearing 42 and a constant velocity 
universal joint (not shown) are assembled as a unit. This 
embodiment differs from the sixth embodiment (Fig. 6) 
only in the structure of the double row rolling bearing 
and thus same reference numerals are used for desig- 
nating same parts as those of the sixth embodiment 
[0056] The double row rolling bearing 42 has the outer 
member 7 formed integrally with a body mounting flange 
7a and the double row outer raceway surface 7b on the 
inner circumferential surface, and a pair of inner rings 
39 and 29. In this embodiment, the double row rolling 
bearing 42 is press fitted onto the spigot portion 36b of 
the hub wheel 36 and thus the bearing apparatus of so- 
called a second generation Is provided. The hub wheel 
41 and the inner ring 29 are integrally connected via 
plastic deformation by radially expanding the fitting por- 
tion 36c of the spigot portion 36b to make the hardened 
Irregular portion 30 of the Inner ring 29 bite Into the fitting 
portion 36c. 

[0057] Rg. 11 Is a longitudinal view showing a ninth 
embodiment of the bearing apparatus for a wheel of the 
present invention which is a modification of the eighth 
embodiment (Fig. 1 0). In this embodiment, a double row 
rolling bearing 43, a hub wheel (not shown), and a con- 
stant velocity universal Joint (not shown) are assembled 
as a unit Same reference numerals are used for desig- 
nating same parts as those of the eighth embedment 
[0058] The double row rolling bearing 43 has the outer 
member 7 formed integrally with a body mounting flange 
7a on the outer circumferential surface and the double 
row outer raceway surface 7b on the Inner clrcumferen- 
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tlal surface, and a pair of Inner rings 41 and 29. The 
inner "ring 41 is formed on its outer circumferential sur- 
face with an inner raceway surface 41 a of outboard side 
and a spigot portion 41b of smaller diameter extends 

* from the Inner raceway surface 41 a_ The inner ring 29 
is press fitted onto the spigot portion 41b and thus the 
bearing apparatus of so-called a first generation is pro- 
vided. The hub wheel 41 and the Inner ring 29 are inte- 
grally connected via plastic deformation by radially ex- 

10 pending the fating portion 41c of the Inner ring 41 to 
make the hardened Irregular portion 30 of the Inner ring 
29 bite Into the fitting portion 41c. Then the double row 
rolling bearing 40 is press fitted onto the hub wheel and 
similarly to the six embodiment, the hub wheel is axially 

1 3 detachabry connected to the outer Joint member by us- 
ing a nut or a dip to an outer Joint member. Similarly to 
the eighth and ninth embodiments as well as the sixth 
and seventh embodiments, Then the region from the In- 
ner circumferential surfaces of the hub wheel 3a and the 

bo i nner ring 41 to an end surfaces 36d and 41 d (dotted 
line) including the serration 26 is finished by grinding 
after having radially enlarged the fitting portion. 
(0059] It is shown, according to the pun-out test of the 
connected portion carried out by the applicant, that the 

2$ connecting manner of plastic deformation of the fitting 
portion of the shaft portion by the Irregular portion of the 
hub wheel (hereinafter referred to "enlarged caulking") 
exh bits higher pulHart proof force than the conventional 
connecting manner of forming the caulked portion by ra- 

30 daily outward plastic deformation of the end portion of 
the shaft of the outer Joint member (hereinafter referred 
to "swing caufcingf*). In addition, According to the endur- 
ance test simultaneously carried out, it is shown that the 
reduction of the axial force Is caused by generation of 

ss the reduction of the predetermined pre-press amount of 
the double row rolling bearing when the connecting 
force is low, If the predetermined moment load Is applied 
to the bearing apparatus. The reduction of the axial force 
would cause the breakage of the connected portion. Ac- 

<0 cordingly, It is Important to study the relation between 
the pull-out proof force of the connected portion and the 
durability of the bearing apparatus. 
POSQ] The applicant carried out the pull-outtBst of the 
connected portion based upon several samples made 

45 by the conventional swing caulking manner and the en- 
larged caulking manner. Rg. 12 shows the results of the 
pull -out test k Is found that there is a point (i.e. starting 
point of slippage of the connected portion) at which the 
displacement In the connected portion Is suddenly 

so caused during gradually increasing the pull-out load for 
axially separating the connected portion between the 
hub wheel and the outer Joint member. That is, the slip- 
page starting point induces the pro-press pull-out and 
thus causes the reduction of the axial force, tt is further- 

S3 more found that the pull-out proof force gives dominant 
influence to the durability of the bearing apparatus. 
[0061] In Rg. 12. Embodiments B and C denote the 
first embodiment (Fig, 1), Embodiment A denotes the 
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fourth embodiment (Fig. 6), Embodiment 0 denotes the 
second embodiment (Fig. 4), Embodiment £ denotes 
the fifth embodiment (Fig. 7), and Embodiment F de- 
notes the third embodiment (Fig. 5). On the other hand, 
Examples G, H, J and K denotes the results of tests as 
to the structures using conventional swing caulking 
manner. 

[0062] As can be seen from these results, the en- 
larged caulking manner exhibits the pufl-out proof force 
more than 2 tines mat according to the conventional 
swing caulking manner and a smaller displacement in 
the connected portion as well as higher rigidity as com- 
pared with the conventional structure. In the convention- 
al swing caulking manner, although small displacement 
can be maintained below pulKout load of about BO kN, 
the slippage is suddenly caused beyond this point and 
thus the generation of the pre-press pull-out of the bear- 
ing portion Is supposed. On the contrary, according to 
the enlarged caulking manner, Irttfe displacement Is 
caused In the connected portion below pulKout load of 
about 200kN and sufficient rigidly can be obtained. In 
addition, sufficient rigidity can be obtained and no slip- 
page Is caused beyond 160 kN even though the con- 
nected portion Is made In accordance with the conven- 
tional enlarged caulking manner, by optimally setting the 
specifications of the annular and axial grooves forming 
the Irregular portion. 

[0083] The present Invention has been described with 
reference to the preferred embodiments. Obviously, 
modifications and alternations will occur to those of or- 
dinary skill in the art upon reading and understanding 
the preceding detailed description. It Is Intended thai the 
present invention be construed as including all such al- 
ternations and modifications insofar as they come within 
the scope of the appended claims or the equivalents 
thereof. 



hub wheel Integraly formed with a wheel mounting 
flange or Into another Inner ring on the outer periph- 
eral surface of which is formed with the other double 
row inner raceway surfaces; and a connected por- 
5 tion of them has a plastic deformed connection 
means having an axial pull-out proof force more 
than 160 kN. 



3. A bearing apparatus for a driving wheel of vehicle 
10 of daim 1 wherein the hub wheel, the constant ve- 
locity universal joint and the double row rolling bear- 
ing are assembled as a unit, the hub wheel and the 
outer joint member of the constant velocity univer- 
sal Joint are fitted each other; one of the Inner race- 
's way surfaces of the double row rolling bearing is 
Formed on the h ub wheel and the other of the double 
row Inner raceway surfaced is formed on the outer 
Joint member; a hardened Irregular portion Is 
formed on a radially outwardly arranged member at 
so the fitted portion of the hub wheel and the outer joint 
member; and the hub wheel and the outer Joint 
member are integrally connected via plastic defor- 
mation of a radially inwardly arranged member by 
radially outwardly expanding the radially inwardly 
25 arranged member so as to make the hardened ir- 
regular portion of the radially outwardly arranged 
member to bite into the surface of the radially in- 
wardly arranged member. 

30 4. A bearing apparatus for a driving wheel of vehicle 
of claim 3 wherein the outer Joint member of the con- 
stant velocity universal joint is fitted into the hub 
wheel; one of the inner raceway surfaces of the dou- 
ble row rolling bearing is formed on the hub wheel 

ss and the other of the double row Inner raceway sur- 
faces is formed on the outer joint member. 



Claims 

1 . A bearing apparatus for a driving wheel of vehicle 
wherein a hub wheel, a constant velocity universal 
Joint and a double row rolling bearing are assem- 
bled as a unit: trie hub wheel and an outer joint 
member of a constant velocity universal Joint are fit- 
ted each other, and a connected portion of the hub 
wheel and the outer joint member has a plastic de- 
formed connection means having an axial pull-out 
proof force more than 160 kN. 

2. A bearing apparatus for a driving wheel of vehicle 
comprising an outer member formed with double 
row outer raceway surfaces on the inner peripheral 
surface thereof and double row Inner raceway sur- 
faces arranged oppositely to the double row outer 
raceway surfaces wherein an inner ring on the outer 
peripheral surface of which Is formed with one of 
double row Inner raceway surfaces is mted Into a 



5. A bearing apparatus for a driving wheel of vehicle 
of claim 3 wherein the outer Joint membe r of the con- 

40 etant velocity universal Joint is fitted onto the hub 
wheel; one of the inner raceway surfaces of the dou- 
ble row rolling bearing is formed on the hub wheel 
and the other of the double row Inner raceway sur- 
faces fe formed on the outer joint member. 

4S 

6. A bearing apparatus for a driving wheel of vehicle 
of claim 1 or 2 wherein the hub wheel, the constant 
velocity universal joint and the double row rolling 
bearing are assembled as a unit, the hub wheel and 

30 the outer joint member of the constant velocity uni- 
versal joint are detaohabfy connected vvtth being fit- 
ted each other; one of the Inner raceway surfaces 
of the double row rolling bearing is formed on the 
inner ring fitted onto the hub wheel and the other of 

35 the double row Inner raceway surfaces is formed on 
the hub wheel; a hardened irregular portion is 
formed on the Inner ring; and the Inner ring and the 
hub wheel are integrally connected via plastic de- 
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formation of the hub wheel by radially outwardly ex- 
panding the hub wheei so as to make the hardened 
irregular portion or ihe inner ring bits into the surface 
of the hub wheel. 

5 

7. A bearing apparatus for a driving wheel of vehicle 
of any one of claims 3 through 6 wherein the portion 
to be radially outwardly expanded is projected be- 
yond the hardened irregular portion . 

10 

8. A bearing apparatus for a driving wheel of vehicle 
of cteVn 7 wherein the hardened Irregular portion is 
formed by substantially orthogonally crossed 
grooves comprising plurality or axial grooves and 
annular grooves; and the outer diameter of the por- f 5 
tion projected beyond the hardened irregular por- 
tion Is largerthan me bottom diameter or the annular 
grooves or the axial grooves. 

9. A bearing apparatus for a driving wheel of vehicle 20 
of any one of claim© 1 through 6 wherein the load 
supporting capacity of the bearing or Inboard side 

of the double row rolling bearing is higher than mat 
Of the bearing of outboard side. 

23 
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